The extent of muscle disease encountered at a given level of clinical hyperthyroidism varies from mild subjective weakness to severe disabling myopathy (1) . Inconstancy and variable severity of muscle involvement point to some factor apart from the thyrotoxic state per se in its genesis. The possibility that exhaustion of tocopherol stores is the critical variable is raised by analogy between the dystrophic morphologic changes, increased oxygen consumption, hypercreatinuria, and depletion of muscle creatine which accompany thyroid hormone excess in animals and man (2) (3) (4) (5) (6) , and similar alterations due to tocopherol deficiency in rodents (7) (8) (9) (10) (11) . The mechanisms of these changes are not established, but there is evidence that in both hyperthyroidism (12) (13) (14) and tocopherol deficiency (15, 16) impairment of high energy phosphorylations results in uncontrolled release of energy derived from biological oxidations.
The possibility of tocopherol depletion in thyrotoxicosis is supported by evidence of accelerated turnover of other vitamins (17) , cholesterol (18) , and calcium (19) in hyperthyroidism. Increased tocopherol requirement in the hyperthyroid state is suggested by susceptibility of chicks given excess thyroid hormone to vitamin E deficiency (20) . Of further interest are the reports of prevention of thyroxine induced creatinuria in rats (21) and children (22) by a-tocopherol. These considerations stimulated the present survey of the concentration of tocopherols in sera of patients with thyroid disease. METHODS 
Subjects. Observations were made on 115 persons classified as follows:
a. Twenty-nine consecutive patients in whom the diagnosis of Graves' disease was made on clinical grounds and supported by measurement of basal metabolic rate, 24 -hour thyroidal uptake of radioactive iodine and, in 1 b. Five patients with active Graves' disease by the above-noted criteria who received specific antithyroid therapy within two weeks prior to the first tocopherol determination.
c. Eighteen consecutive patients who were clinically hypothyroid and in whom the above-mentioned tests of thyroid function supported the diagnosis. This group includes one patient receiving methimazole, two patients with spontaneous primary hypothyroidism, and fifteen who developed myxedema after I' treatment of hyperthyroidism or, in one case, heart disease.
d. Thirty random normal subjects, judged to have no significant medical or surgical illness by history, physical examination, and routine laboratory screening consisting of Hinton test, hemoglobin determination, chest roentgenogram, and urinalysis. e. Thirty-three individuals in the euthyroid state but not otherwise normal. Nineteen had received treatment for hyperthyroidism in the past, one had hepatic cirrhosis, one Hodgkins' lymphoma, one a nodular goiter, and one was in the terminal phase of amyotrophic lateral sclerosis. Three members of this group had diabetes mellitus, and the remaining seven coronary artery or hypertensive vascular disease.* In calculating the mean serum tocopherol concentration of the overall euthyroid group, i.e., normal controls plus euthyroid patients with various disorders, the ten patients with diabetes and vascular disease were excluded because they had obviously high levels.
Characterization of the major groupings as to age, sex, height, and weight is summarized in Table I . With the exception of eight thyrotoxic patients and two hypothyroid ones who were hospitalized, all subjects were ambulatory and on self-determined diets.
Tocopherol determinations. The concentration of total free tocopherols in serum was measured by the method of Quaife and Harris (23) as modified by Quaife and Biehler (24) . It consists of hexane extraction of 5 ml. of alcohol precipitated serum, palladium catalyzed hydrogenation of the extract for one minute at 20 pounds pressure, and a timed determination of the reduction of ferric ion using the color of the iron a-a-dipyridyl complex as indicator. This method, though not specific, yields results which agree to within 5 per cent with bioassays (23) . In the present study, duplicate analyses were made on different days with a simultaneous standard curve accompanying each group of 10 unknowns. The 1345 curie dose was determined with 3-scintillation detectors placed on a 30 cm. diameter circle. The concentration of cholesterol in serum was determined in the hospital laboratory using the method of Bloor and Knudson (26) . Blood samples for tocopherol and cholesterol determinations were drawn at random times in view of the apparent constancy of cholesterol (27) (28) (29) and tocopherol (30) levels throughout the day. The symbol ± precedes the standard deviation within the observed population. A statement of significance implies a P value of less than 0.001. Linear correlations of two variables are based on Pearson's product moment coefficient. among these 100 patients is given in Figure 1 , and the mean concentrations for the various populations in Figure 2 . Five patients with active Graves' disease who had received treatment either in the form of iodides or antithyroid drugs within two weeks of the initial tocopherol determinations had serum tocopherol concentrations which were not significantly different from the euthyroid group. 
Correlation between serum tocopherol level and metabolic state
Having defined low and high serum tocopherol levels in patients with hyperthyroidism and hypothyroidism, respectively, an attempt was made to appraise the extent to which the tocopherol con- centration parallels the metabolic state of the patient. In the absence of an accurate direct index of level of metabolism, the correlations between tocopherol level and basal metabolic rate, serum protein bound iodine (PBI) and 24-hour radioactive iodine uptake, respectively, were examined. Figure cholesterol, prompted inquiry into the manner in which tocopherol and cholesterol concentrations were correlated. The coefficient of correlation was + 0.801 for 116 paired values spanning a range of 130 to 492 mg. per cent for cholesterol and 0.34 to 3.07 mg. per cent for tocopherol ( Figure 6 ). This degree of correlation is greater than for maximum paired correlations of serum tocopherol concentration with the PBI, BMR, and possibly the 24-hour thyroidal uptake of I'll (Table II) . In patients with hyperthyroidism and hypothyroidism under treatment, 56 sets of simultaneous tocopherol, BMR, PBI, and cholesterol determinations disclosed no significant difference between the correlations of tocopherol concentration with each of the other variables (Table II) .
Correlation between serum tocopherol concentration and obesity or leanness
A critical difference between thyrotoxic, euthyroid, and hypothyroid groups is the body + + +: weakness weight, thyrotoxic subjects generally being underweight, hypothyroid patients tending to obesity. To test the bearing of weight status on tocopherol levels, members of the euthyroid group were ranked as to per cent departure from standard weight (31, 32) for the given height, neglecting age. The range of deviation from standard weight was -29 per cent to + 97 per cent. Rank correlation with tocopherol concentration was not significant ("r" = + 0.173), indicating that body weight does not in and of itself account for the group differences. In addition, ten subjects presenting a clinical picture suggestive of possible thyrotoxicity but shown by test to be in a euthyroid state, had a mean tocopherol concentration of 1.240 ± 0.32 mg. per cent. This group included one patient with a 30 Kg. weight loss achieved by an 800 to 1,000 calorie diet over a 19-month period. At the end of this period, the tocopherol level was 1.07 mg. per cent. Other cases in point are those of an uncontrolled diabetic who lost 9.1 Kg. in 3 months and had a serum tocopherol concentration of 1.90 mg. per cent, and one patient with an anorexia nervosa-like syndrome whose tocopherol level was 1.21 mg. per cent notwithstanding an 18.2 Kg. weight loss over a 7-month period. Furthermore, analysis of the clinical features of the thyrotoxic group, vide infra, disclosed low serum tocopherols in patients who were grossly obese.
Relation between clinical status and tocopherol levels among thyrotoxic patients
Analysis of the thyrotoxic patients as to age, sex, duration of illness, extent of weight loss, clinical estimate of the severity of thyrotoxicity and prominence of muscular weakness yielded no clue upon which to base predictions of tocopherol level with complete confidence. However, from inspection of Table III it appears that, in general, patients with severe Graves' disease have the lowest levels (0.3 to 0.8 mg. per cent), while those with mild or relatively asymptomatic forms of the disease tend to values approaching normal, e.g., 0.8 to 1.1 mg. per cent. Noteworthy exceptions to these generalizations are patient L. A. with very severe disease and a tocopherol concentration of 0.82, and patient R. I. who had a level of 0.62 but was essentially asymptomatic. It is clear that weight loss as such is not the critical variable. Thus, very low values of 0.52, 0.67, 0.62, and 0.52 were observed in patients F. A., P. M., R. I., and R. D., respectively, in none of whom weight loss was striking. Indeed, of these patients F. A. and P. M. were grossly obese, weighing 75.7 and 89.0 Kg., respectively. In three thyrotoxic individuals (C. E., M. E., and R. D.), muscular weakness and atrophy were dominant clinical features. All three had very low tocopherol levels, 0.54, 0.68, and 0.52 mg. per cent, respectively. One patient, M. N., with distinct shoulder girdle atrophy which had no apparent explanation other than her thyrotoxic state, was quite well preserved as to fat deposits (weight, 76.2 Kg.) and had a low serum tocopherol of 0.48 mg. per cent. 6. Response of tocopherol concentration to change in metabolic state In 21 of the 29 thyrotoxic patients, determinations were available after treatment with radioactive iodine (13 cases) or antithyroid drugs (8 cases). Ten of the 21 follow-up determinations were made when the patients had reached a euthyroid state, and, in 6 instances, after progression to mild to marked hypothyroidism. Of the remaining 5 patients who were still thyrotoxic, 3 were definitely improved. With the exception of the two patients who were unchanged clinically after treatment (C. T. and D. M.), there was a rise in tocopherol level in response to correction of the hyperthyroid state. As noted in Table IV, this ranged from a minimum of an 18 per cent increase in patient G. C. who had a normal level to begin with, to a 340 per cent increase 8 weeks after Il3 treatment and return to the euthyroid state in patient H. B.
The responses of 5 hypothyroid patients to treatment with thyroid hormones are recorded in Table V and portrayed graphically in Figure 7 . In each case there was a definite fall in the serum tocopherol concentration to normal levels, or, in the one case in which the patient became thyrotoxic on treatment with dl-triiodothyronine (H. D.), to subnormal levels. The acuteness of the drop in tocopherol concentration is illustrated in Figure 8 , which depicts the course of one patient with classical, spontaneous myxedema during the daily intravenous administration of triiodothyroacetic acid.2 2Prepared by Dr. Rosalind Pitt-Rivers. The author appreciates the permission of Dr. Jacob Lerman to report these data.
In both thyrotoxic and hypothyroid groups, swings in tocopherol level corresponding to metabolic state were paralleled by changes in the concentration of serum cholesterol. This relationship was established in the preceding analysis in which a coefficient of correlation of + 0.801 was noted for all pairs. The imperfections in this correlation are of special interest, as in the case of the above cited patient treated with triiodothyroacetic acid, whose serum cholesterol rose with restoration of metabolism to normal while the tocopherol concentration fell (Figure 8 ). Conversely, in thyrotoxic patient D. M., an initial abnormally high serum cholesterol level decreased upon return to a normal metabolic state and tocopherol concentration.
DISCUSSION
These observations indicate a strong inverse relationship between levels of thyroid function and the concentration of total free tocopherols in serum. This disagrees with the stated conclusions of a recent study (33) of 16 individuals with suspected thyroid dysfunction in whom no such correlation was noted. However, low tocopherol levels were noted in 3 out of 8 patients with basal metabolic rates of + 10 or over, and in 2 of these 3 cases, increases in tocopherol concentration were observed during medical treatment of hyperthyroidism. It is likely that expansion of this series and application of discriminating tests of thyroid function would have yielded conclusions in keeping with those of the present report. The report of a high level in one hypothyroid child (34) is in accordance with the observations reported here. The asterisk indicates technically unsatisfactory determination of the BMR on the 4th day. The mean concentration of tocopherol in the sera of thyrotoxic patients is significantly low by normal standards set in all studies in which the method of Quaife and Harris was used (23, (35) (36) (37) (38) (39) (40) , as well as in relation to the internal controls. In the present series, serum levels of more than 1.2 mg. per cent rule out untreated Graves' disease, and a concentration of less than 1.7 mg. per cent is inconsistent with the diagnosis of hypothyroidism. Since low serum tocopherol levels occur in humans with absorption defects (35, 41) , non-specific under-nutrition (36) , and kwashiorkor (42) , it is conceivable that low values observed in the thyrotoxic group relate to a deficit in absorption or diet. These are unlikely major factors in view of the isocaloric status of some patients, the lack of correlation between tocopherol level and weight, and the absence of steatorrhea and stigmata of other vitamin deficiencies. Similarly, low levels observed in some patients with liver disease (40, 43) raise the possibility that the thyrotoxic effect is mediated via deleterious influences on liver function. This mechanism cannot be excluded, but is not likely without more obvious marks of hepatic insufficiency associated with cases of liver disease in which low tocopherol levels were found.
Strong positive correlation between concentrations of total cholesterol and tocopherols in serum shows that the fat-soluble tocopherols share the reciprocal relationship of serum lipid concentrations and levels of thyroid activity (44) (45) (46) . On the other hand, alteration of tocopherol concentration with the total lipid compartment or one or more of its components is obviously not critically or uniquely related to thyroid function in view of hypertocopherolemia with various hypercholesterolemic disorders (41) , and the rise in serum tocopherol levels in pregnancy (39) , and in patients with diabetes mellitus who have high serum cholesterol concentrations (47) . This general close association of tocopherol levels with concentrations of cholesterol in serum is borne out by greater correlation between cholesterol and tocopherol levels than between specific indices of thyroid function and tocopherol levels in the overall population sampled.
Occasional dissociation of cholesterol and tocopherol concentrations is of theoretical interest, and is pertinent to the possible usefulness of the serum tocopherol concentration as a laboratory adjunct in appraising metabolic state. Where thyroid activity appears to dictate the rate of synthesis as well as the degradation and excretion of cholesterol (18, 48) , it is not surprising that cholesterol levels are occasionally elevated in hyperthyroidism (as in cases A. F. and D. M.) or that cholesterol concentration rises rather than falls during acute correction of hypothyroidism (as in case D. A. cited in Figure 8 ). Regulation of tocopherol concentration, on the other hand, would be determined primarily by intake, absorption, and rate of disposal without a component of synthesis in the equilibrated state. These examples of discrepancy between cholesterol and tocopherol concentration argue against the possibility that the observed changes are actually determined by the cholesterol content of serum.
It is impossible on the basis of serum concentration of tocopherols alone to estimate total tocopherol stores, aberrations in their metabolism, or the physiologic significance, if any, of the changes observed. It is fair, however, by analogy with low tocopherol levels in tocopherol depleted animals (49) and the fate of other metabolites in hyperthyroidism, to speculate that the low serum levels reported here reflect accelerated degradation of body tocopherol stores. Direct demonstration that this is so waits upon turnover studies or measurement of the total daily excretion of end products of tocopherol metabolism (50) . Without such data one cannot exclude the possibility that the changes in tocopherol concentration reflect a direct effect of metabolic state on transport of tocopherols in serum, or an indirect one mediated by alterations in other lipids. Similarly, the physiologic impact of a depleted tocopherol supply must be appraised in terms of effects of tocopherol on the course of the thyrotoxic muscle lesion. In this connection, beneficial effects of long term therapy with oral tocopherols have been reported in 4 of 6 patients with Graves' disease (51) . On the other hand, in an acute experiment with one subject, two days of treatment with tocopherols, including the phosphate ester intravenously, was accompanied by increased thyrotoxicity and weakness (52) . However, the nonspecific inhibition of many enzyme systems by the phosphate (15) , in a fashion seemingly unrelated to the vitamin action of tocopherol, could account for the adverse effects noted in this case.
There is no recognized lesion in man comparable to any of the tocopherol deficiency syndromes of animals, even in the aforementioned disorders in which low tocopherol levels have been shown. However, the hypermetabolism and possible increased tocopherol requirement of patients with toxic diffuse goiter results in a unique state. It remains reasonable to suggest that the thyrotoxic patient may provide the situation par excellence in which to find a human tocopherol deficiency state expressed as an acute reversible muscular dystrophy.
CONCLUSIONS
The concentration of total free tocopherols in serum is inversely related to the level of thyroid function in patients with thyroid disease. In toxic diffuse goiter, the concentrations are lowest among patients with severe disease, but emaciation as such is not a critical variable. Abnormalities in serum tocopherol content of thyrotoxic and hypothyroid patients generally parallel alterations in cholesterol level and are uniformly reversed upon restoration of normal metabolic state. Tocopherol concentrations are not critically correlated with clinical estimates of the extent of muscle disease in individual patients. Nonetheless, the possibility that human thyrotoxic myopathy is the analogue of vitamin E deficiency muscular dystrophy in animals merits further consideration. nale Venezia 1955. Verona, Valdonega, 1956, p.
233.)

